4open
With this editorial, EDP Sciences launches the new open access (OA), multi-and interdisciplinary journal 4open, which will publish articles from four different disciplines in science and research, including materials and engineering, each with its own Editorial Board. The categories include (1) Life Sciences and Medicine, (2) Chemistry and Applied Chemistry, (3) Physics and Applied Physics, and (4) Mathematics and Applied Mathematics [1] . 4open follows the standards created by the Council of Science Editors (CSE) [2] , the World Association of Medical Editors (WAME) [3] , the International Committee of Medical Journal Editors (ICMJE) [4] , and the committee on publication ethics (COPE) [5] . Major leading societies, academies, and scientists are actively included, as well as promising future young scientists. For the past six years, we have carefully created multiple different concepts, on varied levels and with diverse priorities, which will be shared when the time is ready. Contrary to the mainstream of OA publishing, 4open provides a liberal and fair article processing charge (APC) model [1] . It enables researchers to choose the level of funding they receive, and thus helps to equalize the opportunities and benefits available, by allowing some stipends to flow to researchers in less well-funded fields of science. The peer review process is entirely independent of the APC decision and will in no way alter any decision on scientific merit that the editor should take.
Today, in the twenty-first century, buzz words such as globalization, resource scarcity, rapid technological development, and mass migration are widely used in scientific literature. As is true for most human endeavors, science has power. With power come responsibilities. Good science involves finding helpful solutions to existing problems. Great science involves asking questions not immediately answerable and addressing the challenges, which must be proclaimed clearly and openly discussed and debated. Reflection is necessary. Some examples include the following: -healthcare driven by science as an engine of the broader economy; -commercialization of science; -changes in the way certain scientific publications dominate; -impact as a factor in a publication's reputation; -indispensable values and tradition; -non-receptive reading, reflection, and ignorance; -content by science writers; -predatory journals; -social media; -science belongs to no one-and to everyone.
Healthcare driven by science as an engine of the broader economy
As the global population increases and ages ( Fig. 1 ) [6] , work in geriatric medicine and geriatric science will increase and become common during the next decades. Chronic diseases, which occur mainly in the elderly [7] , exact a high cost from society, as DeVol and Bredroussian have shown: "The overall economic impact of absenteeism and presenteeism from common chronic diseases exceeded $1 trillion in 2003." [8] , reviewed in [9] . In the future, measuring the burden of worldwide healthcare and its economics could focus on a cause-based approach, as opposed to diagnosis and treatment orientated toward symptoms, thus promoting translational research as "the" bridge ( Fig. 2) . Such a focus would facilitate the personalized and individualized approach in diagnosis and therapy long demanded in oncology [10] .
Growth in health economics (HE) partly finances itself [11, 12] . Improvements in quality in healthcare improve both patient outcome and economic performance. With an optimal healthcare infrastructure, productivity and HE increase, resulting in a consequent enrichment of the overall economy. Healthcare will be a drag on costs only if improvements in quality and their positive feedback to national and regional economies are restrained. If not ignored, HE serves as a potent driver of economic growth. The percentage that healthcare expenditures comprise of the gross domestic product (GDP) varies by country and state (Fig. 3 , Tab. 1) [author's calculation according to [13] [14] [15] [16] ].
GDP is directly related to improved life expectancy, as has been shown [17] , reviewed in [9] . For example, in Germany between 2005 and 2016, an incremental rise in the gross value added (GVA) of investment in research and development from €4.9 to €8.4 billion was associated with an increase in industrial output of +5.4% and a reduction in HE of 4.3% [18] . Although hundreds of variables contribute to the economy of a country, investment in research stands out as important. Countries with less investment in research than Germany, such as Japan and Italy, realized smaller GDP increases [19] . Positive economic effects develop when science leads to improvements in the quality of healthcare, which are reflected in the metrics of patient outcome and overall productivity increase.
National patient registries will be ever more important for healthcare research in the future. The Scandinavian National Healthcare registries were created in Finland in 1969, Denmark in 1977, Sweden in 1987, Iceland in 1999, and Norway in 2008 [20] . These different country-specific patient registries manifest not only advantages, but also have evinced ethical concerns [21] . A paradox for scientists is simultaneous fascination and bafflement as well as depression. Enduring curiosity is needed to find answers and to question the existing paradigms (especially the selfgenerated ones). A Danish patient-cohort study on 445,456 patients revealed, for example, that patients with diverticulitis, when compared to healthy controls, have double the risk of cancer [22] , an elevation that could be attributed to chronic inflammation [23] . Resection of the sigmoid, after the second event of sigmoid diverticulitis, eliminates this risk. 
Commercialization of science
The burgeoning biotech market has created its own unique selling points in each country and economy. We should try to stay objective about the degenerating biotech hype, as we already live in a time in which nearly every poorly understood disease reflexively is assumed (or even declared) to have originated in genetics. Like a coin with two sides, the large investments in biotech should affect healthcare in the future and, as a consequence, improve the economy. The other side of this coin is the danger of the so-called "businessization" of science, as Pagano has recently pointed out [24] : the increase in the US National Institutes of Health (NIH) budget from US$ 13.7 billion in 1998 to 27.2 in 2003 paralleled a four-fold increase in the number of doctorates awarded between 1993 and 1997. "One of the major criteria for ranking US biomedical universities is the total amount of their NIH funds." According to the analysis by Rockey, "the total number of these applications has almost doubled-from 25,000 in 1998 to almost 50,000 in 2011" and "the major contributor to the increased demand is a large growth in the number of applicants-from about 19,000 in 1998 to approximately 32,000 in 2011" (blue portion of the bars in Fig. 3 in NIH 2012 , not shown) [25] .
According to the American Association for the Advancement of Science (AAAS), doctorate programs in the U.S. rose from 8,000 doctoral recipients in 2004 to 12,500 a decade later; but the rate of "postdocs expecting to land a tenure-track faculty position" decreased from greater than 50% in 2012 to just 21% recently, a drop that could explain why "the average salary for biology PhDs was Available 2016 data were incomplete using the sources mentioned below with consequent use of available 2015 data. Original data and graph were transformed for China, India, Japan, Russia, Germany EU and the USA. a Population (million), GDP (billion USD), GDP per capita and R&D for China, India, Japan, Russia, Germany, EU and USA [according to [13, 14] ]. b Health expenditure (% of GDP) for Japan, Russia, Germany, EU and USA [according to [14, 15] ]. g 2015 or 2016 data in regard to health expenditure (% of GDP) were available for China or India using the resources mentioned. In both, 2014 Health expenditure (% of GDP) data were available and used.
just $36,000 in their first year of work" [26] . According to the American Institutes for Research (AIR), "61 percent of science, technology, engineering, and math (STEM) PhDs (and 52 percent of biological science PhDs) were working in nonacademic careers in 2010" [27] , reviewed in [26] . The global sustainable development priorities 500 years after Martin Luther have been reviewed recently [28] . However, the above numbers by the AAAS and AIR remind us to take greater care with our young scientists, counseling them about their career options and not just defining goals. Postdocs see themselves as cheap workhorses. The scientific community should move to improve working conditions for postdocs. Scientists today are evaluated according to the scale of their funding rather than the quality of their scientific research, a situation that lends credibility to the allegation that science is increasingly carried out as a business, especially since biotechnology has come to be seen as the future driver of healthcare. Literacy is the most potent tool for tangible and enduring progress. Research leads to benefits for society, informed decision-making, and socio-political changes. An important criticism of open-access publishers and MEGA journals is that, through their emphasis on a business model, they are transforming science to a business endeavor. The British winner of the Fields Medal in mathematics, Sir William Timothy Gowers, is committed to the free exchange of academic knowledge. In 2012, to further his goal, he started a petition drive entitled The Cost of Knowledge to stop support of the Dutch publisher Elsevier [29] . As Germany demands OA, including appropriate pricing, 60 major international science institutions, as well as major academic institutions, have canceled their subscriptions to Elsevier (Jan 1, 2017) [30, 31] . Against this background, 4open provides a Liberty APC model [1] .
Changes in the way certain scientific publications dominate Leydesdorff et al. point to the rapid and dynamic growth in China's position in scientific publications compared to Europe and the United States ( Fig. 1 in J Informetr 2014, not shown) [32] . Although we assume that China will lead the pack over the next decade, The International Scientific Journal & Country Ranking (SJR) provides a less robust view, with data that include journaland country-specific scientific indicators obtained from the Scopus ® database (Elsevier B.V.) [33] . Table 2 compares the United States, China, and the post-Brexit European Union (EU), using that Scopus data on all the topics listed under the category Life Sciences and Medicine. It shows China well behind the other two entities. The table, however, reveals just one aspect of this data and we should be cautious in our interpretations.
Impact as a factor in a publication's reputation
History repeats itself: some 50 years ago the increase in scientific publications was referred to as "The present scientific explosion," which "gave rise to more than a proportional publication explosion, which not only reflects the scientific explosion but has its own dynamics and vicious circles" [34] . The foundation of science is trust, which is earned, not given. It takes a long time to build, but it can be lost quickly. The quality and not the quantity determine the reputation of scientists as well as that of journals. Jörg Hacker, President of the German National Academy of Sciences, also known as the Leopoldina, stated in 2011, "The significance of a poet or philosopher cannot be measured by how much he has written" [35] . This quote can serve as a precept for scientific research. Academia and grant-giving organizations often, erroneously, use quantitative measures as indicators of scientific quality. The American Society for Cell Biology (ASCB), together with editors and scientists, initiated in 2013, the San Francisco Declaration on Research Assessment with the intent of improving the evaluation of scientific research beyond the impact factor [36] . The ASCB also asked scientists to sign the declaration [37] . However, the impact factor is simply one variable of many, and it is related more to the prestige of a journal than it is to a criterion of excellence.
Indispensable values and tradition
Hermann Boerhaave (1668-1738), whose successful teaching made the University of Leyden in Holland one of the leading institutions of the time, was guided by three rules of Hippocrates: (1) use common sense instead of unfounded speculations, (2) observe the patient carefully, and (3) rely upon the healing power of nature [38] . Boerhaave suggested that his student, Gerhard van Swieten (1700-1772), accept a post at the University of Vienna. Van Swieten's work there brought the standards of medical teaching to the highest level and led to the creation of the Vienna Medical School. His efforts "Frequently the interesting thing about the interfaces between the classical disciplines is that the disciplinary strengths have to be brought together" [42] . Another example of the success of an interdisciplinary approach lies in the story of Rosalind Franklin (1920 Franklin ( -1959 , although sad in terms of ethics and humility. The discovery of the double helix was based, on the one hand, on important findings of Erwin Chargaff (1905 Chargaff ( -2002 [43] , Alfred D. Hershey (1908 Hershey ( -1997 , and Martha Chase [44] and, on the other, the X-ray diffraction study of deoxyribonucleic acid (DNA) by Rosalind Franklin and Raymond Gosling (1926-2015) [45] . Franklin's chairman, Maurice Wilkins (1916 Wilkins ( -2004 , secretly showed her X-ray spectrograms with the double helix to James Watson (1928) Kleppe (1934 Kleppe ( -1988 and Moulineux [49] and its important modification by Kary B. Mullis (1944) in 1983 brought about a revolution in biology and science [50] .
When we assert that we live in a time of modern science, we should remember that our forebears in science made it possible with their own, earlier developments and achievements [51] . The quote of Isaac Newton still rings true: "If I have seen further, it is by standing on the shoulders of giants."
Non-receptive reading, reflection, and ignorance
The milestones in human evolution include the following: -Use of sticks or stones as tools: our ancestors began to use such tools between 3.4 and 2.5 million years ago [52, 53] . -Agricultural lifestyle: the change from hunting to agriculture occurred some 12,500 years ago [54] . -The media revolution: mechanical printing appeared in 1450 [55] and quickly became widespread. -The industrial revolution: repetitive manufacturing began some 250 years ago [56] . -The microprocessor: first manufactured in 1971, it has greatly enhanced our ability to process data and information [57] . -Artificial intelligence (AI) and human perception: research on combining electronic (artificial intelligence or AI) and human perceptions is ongoing, even as we aren't sure what outcome it will have.
An increase in the average intelligence quotient (IQ) during the past 100 years was accompanied by a reduction in cognitive socialization [58] . No real-time medium-e.g. radio, video, smartphone, or other-allows for the necessary steps of reflection, inductive analysis, and critical thinking that the written word does. Seneca's quote, "Humans believe their eyes rather than the ears" (Homines amplius oculis quam auribus credunt) [59] resonates even today. By contrast, in the 20th century we focused on statistically significant correlations, too often misinterpreting these as being causal, rather than associative. The ability to differentiate between the two is based on cogitation. It is not enough to concentrate mainly on words and language-reflection and thinking are needed, as well. It is not mere coincidence that Theodor Billroth stated some hundred years ago, "I cannot understand how someone can read receptively only." How does this happen?
The Latin verb ignorare (to lack knowledge) changed during the 16th century to the ablaut ignaurus (unknowing/uninformed). Today, ignorance implies that one is unaware of a condition and/or deliberately does not want to deal with it. Thirst for knowledge, according to Cato's quote, "Ne discere cessa" (Do not stop learning), as well as the cultivation and respect of the achievements of our forefathers, might work against ignorance, but the issue seems to be more complex than that. Ignorance can be intentional or accidental; it might be sloppy thinking. Ignorance might become autarkic (self-sufficient) by collective ignorance. The main drawback of our digital century, in which billions of bytes of information are thrust upon us daily, is the difficulty in filtering fact from fiction. The former President of the Deutsche Forschungsgemeinschaft (DFG) and the Max-Planck-Gesellschaft, Hubert Markl (1938 Markl ( -2015 , exhibited humility in science: "A caterpillar is by no means a butterfly. When man becomes a real 'man' is only our choice" (Notation: Professor Markl did not mean that his quote be read as misogynous.) [60] .
Agnotoly, the study of culturally induced ignorance, a term coined by Robert N. Proctor of Stanford [61] , is a new discipline that studies how illiteracy is triggered through manipulation, suppression of information, censorship and/or selective cultural policy. We may already live in a time of scientific agnotoly; systematic ignorance could well give way to pseudoscience.
A critical and detailed review of cancer papers of the last 250 years demonstrates that many authors-notable scientists and Nobel laureates among them-who published in "landmark" journals failed to cite the original literature. The dogma that emerged and has persisted for 100 years is the theory that somatic mutation causes the majority of cancers [62] . Among the many possible reasons for the error are incomplete literature researches, receptive reading, or even a purposeful Ignoratio arbitraria. Authors justify omitting citations of the original literature: some claim that scouring the literature for original citations is too time consuming and expensive; some mention that journals limit the number of references in a single paper. However, the fear that the writer himself would shine less brightly could bring out a subliminal opposition to seeking data that would deprecate his own. Some 60 years ago, Bradley wrote "The Tradition of Scientific Critique" on the ideal of scientific medicine in terms of traditional societies [63] . Of course, when writing for publication, it is much easier to cite a recent journal than search for longoutdated papers; but this "citation silence" amounts to a distortion of the available information, and it does not credit the work of earlier generations of scientists.
Although authors must state that their submitted work contains no plagiarism or bias, should we judge papers from decades ago under the rubric of present day pressures? The maxim Ignorantia juris non excusat (ignorance of the law is no excuse) is used more often in law than in science. "Knowing is not enough, we must apply. Willing is not enough; we must do," was coined by Johann Wolfgang von Goethe (1749-1832). Morgan [64] , referring to both Van Dalen and Henkins [65] and to Hamilton [66] , recognized that writers in the social sciences do not have a rigorous tradition for citation. The lack of a standard that requires writers to include original references penalizes those who attend to the scientific rigor of reading them. Since the quality and validity of social sciences has improved significantly [67, 68] , the importance of the social sciences on enhancing science & research should, from my perspective, not be neglected nor be judged by citation tradition alone.
Content by science writers
Without doubt, excellent science writers work for publishers, newspapers, and media organizations, as already noted [26, 30] . However, the importance of writers on science who use scientific opinions as the basis for their blogs and provide these as content to social media may be underestimated. Responsible writers on science do not use misleading titles on their blogs or prose solely to attract recognition or "likes." Often, observations that are correctly expressed in a manuscript or scientific work are misinterpreted by readers who do not understand the science or the paper; things get lost in translation. How scientists generate data and statements that are later incorrectly interpreted has been described in a recent paper [62] . To wit, "… scientists searched for DNA mutations in 800 cancer patients (some 200 different cancer types) and compared the tumor DNA with the DNA of healthy cells of the same patients [69] . They reported that mutations found in cancer patients were correctly interpreted in the abstract as associated with the different cancer types, yet the results were misinterpreted in media interviews as though the authors had concluded that such mutations actually caused the cancers" [70] . We consider such posts to be purposeful modifications of the information. Our responsibility as scientists is to insure that the generations that follow us cannot write, "Science and research, especially within biotechnology and molecular biology, promised so much and delivered so little."
Predatory journals
Many journals have been delisted from major indexing services due to legitimate concerns [71] . Publishers that create large numbers of journals with questionable peer review, and even organize scientific conferences, are termed predatory publishers, journals, or conference organizers. A list of these can be found at the University College Dublin Library [72] . Even authors who tried retracting their own submissions to OMICS International were ignored consistently [73] . In this respect, researchers can thank Jeffrey Beall for his meticulous work and for his list of potential predators, which should be independently verified. When Frontiers was added to that list, Nature and Nature's parent company, Springer Nature, partowners of Frontiers, saw the addition as controversial. Nature is published by The Holtzbrinck Group, Stuttgart, Germany [74] . Later, OMICS Publishing Group, seeking $1 billion in damages, sued Beall, and Jeffrey Beall's list was shut down as a result. Scientists around the globe receive daily dozens of advertisements, masked as invitations, to submit their research work, to serve on an editorial board, or to participate in a conference. The invitations come from predatory publishers, and most mention unrealistically short time limits for submitting. These demonstrate how the predators use the "invitation" to hide their marketing pitch.
We do not know how many scientists are taken in by these predatory practices. Even when a scientist withdraws her name or retracts a manuscript and asks to be removed from the mailing lists, the practices continue [73] . Meanwhile, predators are a threat to the integrity of scientific research [75] . Since the first decade of this new century, the OA publishing industry has exploded; active predatory publishing increased by some 400% within just four years (Fig. 4) [76] . Predators have darkened legitimate scientific research by attempting to blur the line between authentic and questionable science. They are "the dark dangerous force" of publishing. The number of predatory journals proves that an increase in the number of published papers does not reflect an increase in scientific quality. Even leading journals and publishers have been slow to react-at first, silence was the norm. 4open will require a clause in the conflict statement of interest that either no tie exists between an author and a predator publication or service, or that any previous tie has been dissolved.
Silence is not an option
Silence in the face of predatory publishers, journals, and conference organizers is not an option. Stelzner pointed out that, "New knowledge is a venture. Misunderstanding and competition are the rule: Silentium livoris (the silence of envy) was used in antiquity" and "The truth is not always the probability. Anyone who agrees to a new, real knowledge loses his recognition. Silence is much safer" [40] . Editorial teams acutely aware of predatory journals can take all the steps necessary to ensure that integrity is at the forefront of their own journal's ethos. As well, journals will adhere to the standards disseminated by the CSE [2], WAME [3] , ICMJE [4] , and COPE [5] , which cover the responsibilities of authors, editors, and peer reviewers throughout the publishing workflow.
Long-term impact of predatory activities
These predatory activities engender mistrust among scientists and between the lay public toward science and toward all publishers-including those with integrity and serious writers from the broader media. Scientists should consider it a duty to build trust with the lay public. They have always raised their voices; they should choose their language wisely. We live in a decade of inflation in scientific publishing. We cannot blame a layman for not separating fiction and reality, for not distinguishing the signal and the noise, for the line between them is increasingly blurred. Inflation, a sustained increase in prices that reflects a loss in the value of currency, usually ends when the bubble bursts. We, as scientists, can be grateful for the non-profit COPE, which serves to define best practices in the ethics of publishing. Human societies are structured by internal regulations that reflect laws, ethics, and morals. Scientific societies must be responsible for the corollary internal oversight. From my personal perspective, Retraction Watch-a blog created by editors investigating and reporting on retractions in scientific papers-serves as the necessary, transparent answer, placing scientific integrity for the researchers, the journals in which they publish, and their respective publishers at the top where it belongs [77] . Since 1975, retraction rates in the life science and biomedical scientific publications have increased tenfold due to errors (21.7%), misconduct (67%), fraud or suspected fraud (43.4%), duplicate publication (14.2%), and plagiarism (9.8%) [78] . The authors considered the numbers underestimated, as "not all articles suspected of fraud have been retracted," e.g. by Lancet or the British Medical Journal. Humans err; these data demonstrate that anyone, even the reviewer and the editorial board of the most highly ranked journals, can fail. Even so, we should not use Bertrand Russell's (1872-1970) words as an excuse: "Even if all experts are of an opinion, they may well be in error."
We must beware of the contrary aspect of our caution: a scientist falsely accused of scientific misconduct can suffer enormous personal and scientific consequences; a denunciation can destroy his reputation, integrity, and even his employment. According to Publius Vergilius Maro (70 BC-19 BC) "The rumor grows as it goes" (Fama crescit eundo) [79] . A statement that "the scientist was completely rehabilitated" is insufficient if his career had been shattered. Caution is a wise advisor, especially when our power to limit the immediate spread of reports is null.
Social media
Expecting to carry on an objective, transparent discussion in social media would be truly utopian. Social media information is driven by opinion more than fact, and "alternative" truths are commonly expressed. Twitter, in 280 characters per tweet, is incapable of presenting differing, but correct, observations. What one posts may, in the process of condensation, be altered completely. Some of our most powerful leaders ignore scientific evidence. Mankind was not and is not free from evil, and neither is society nor science. We may remind ourselves that social media reflect society as well as science, but the risk of spreading the denigration of the dissenters is great. The communication scientist Lutz M. Hagen and his co-authors reported in 2017 how the U.S. social psychologist Leon Festinger's (1919 -1989 1957 theory of cognitive dissonance [80] could, in accordance with Donsbach and Mothes [81] , explain the empirically confirmed phenomenon that people prefer to perceive and recall such information as conforms to their preexisting attitudes, that adjustments are stabilized at the individual level [82] . The phenomenon clarifies the way polarizing effects are enhanced by the blogs and messages that appear continually in social networks. The dissemination of "loud posts" through social media is dangerous to science.
Science belongs to no one À and to everyone
Professor Martin Stratmann, President of the Max Planck Society, stated "We need to create an efficient and widely budget-neutral transition which offers fresh incentives to traditional publishers to cooperate and transfer established journals to Open Access". OA publishing will for sure increase, and major leading societies, such as the Max Planck Society, will take advantage of this opportunity: "The world's research organizations, together with their libraries, need to act jointly and with some coordination, with the key aim of shifting the money out of the subscription system and so that it can be re-invested in open access" [83] . In 2015, more than 80% of the total article output by the Max Planck Society was published in journals from 20 key publishers, while 5 of these 20 publishers were already pure OA publishers; the Max Planck Society already defined its goal for 2010, that "none of our 20 key publishers continues to operate on a regular subscription scheme" [84] .
As previously noted, science must be founded on ethics and values, and it must stand for building bridges-not walls. Mankind is not free from evil, and neither is science. Some of the experiences pointed out above À even meanwhile ruled as questionable developments À might be helpful for the scientific community to re-direct the boat of science.
Scientists face some challenging developments-we should take advantage of them as an opportunity to forge ahead with truth in research and publishing. Although science belongs to no one-and to everyone, property (science) obliges. It is up to us-every single one of us in science and research-to ensure that Gustave Le Bon's "psychology of the crowd" does not become a self-fulfilling condition [85] . Otherwise, we scientists should not be counted as Homo sapiens in the original translation of the term.
